Abstract
Introduction

Calcitonin (CT) is a 32-amino acid peptide secreted from the parafollicular cells (C-cells) of the thyroid gland and belongs to a family of peptides including CT gene-related peptide, amylin, adrenomedullin, intermedin and CT receptor (CTR)-stimulating
peptide [1] [2] [3] [4] . CT is a hypocalcaemic hormone that induces Ca 2ϩ deposition in bones and stimulates calcium excretion into urine [5] [6] [7] . Clinically, CT has been used for treatment of osteoporosis, Paget's disease and hypercalcemia. CT 
functions by binding to its receptor, CTR, which is a class II G-protein-coupled receptor predominantly expressed in osteoclasts. CTR in osteoclasts has been previously shown to be coupled to G␣ and G␣q proteins that links the receptor to both adenylate cyclase-cAMP-protein kinase A (PKA) and Ca
2ϩ
-protein kinase C (PKC)-dependent pathways [8] . High levels of CT lead to diarrhoea. For example, diarrhoea has been reported to occur in 28-39% of patients with medullary thyroid carcinoma (MTC) associated with elevated levels of CT [9] [10] [11] . The diarrhoea in patients with MTC is usually severe, watery and lacks specific treatment and therefore, the mortality is high. Diarrhoea is also observed in other cases such as infusion of CT for hypercalcemia, CT-secreting pancreatic micro-tumours and small cell lung tumours [12] [13] [14] [15] [16] . Previous perfusion studies have shown that CT infusion in healthy humans and rabbits inhibited active sodium absorption and induced active chloride secretion [17, 18] . However, the detailed molecular mechanisms of CT-induced chloride secretion in intestinal epithelial cells are poorly understood.
Intestinal chloride secretion plays an important role in body fluid homeostasis and diarrhoea. Several transport processes present on the basolateral and the apical membranes of intestinal cells are involved in driving chloride secretion into the intestinal epithelial lumen. The main chloride channel expressed in small intestine and colon is the cystic fibrosis transmembrane conductance regulator (CFTR). CFTR is expressed in many epithelial tissues, where it has been found to have multiple putative functions, the major one being that of a chloride channel. Activation of CFTR as a Cl
Ϫ channel requires cyclic AMP, PKA and ATP [19] .
Mutations in the gene encoding CFTR leading to a decrease in chloride channel function, is the primary defect in cystic fibrosis, a disease that affects approximately 30,000 patients in the United
States alone [20] . On the other hand, activation of CFTR by cholera toxin leads to a massive secretory diarrhoea and life-threatening dehydration [21] . 
Materials and methods
Cell culture
Experiments were performed with the human intestinal T84 cell lines as previously described [22] . DMEM 
Measurements of short-circuit current
Agonist-induced anion secretion was measured in T84 monolayer as described [25, 26] 
Statistical analysis
In all stances, data shown are the mean Ϯ S.E. of three to six independent experiments. Difference between control versus treated was analysed using t-test and ANOVA. Differences were considered significant at P Ͻ 0.05. Figure 1A , [29, 30] . Therefore, to examine the effect of CT Fig. 5C ). This current was also sensitive to CFTRinh172, which represented a CFTR current (Fig. 5A) (Fig. 6 ).
Results
Calcitonin receptor is expressed in intestinal epithelial cells
First set of studies were undertaken to determine the expression of CTR in human intestinal epithelial cells. As shown in
Calcitonin induces short circuit current in T84 cells
Human colonic T84 cells are widely used as an in vitro model to study the secretory processes across colonic epithelial cells by the measurement of ISC
Discussion
Previous studies have shown that CT stimulates active Cl Ϫ secretion in adult rat ileum in vitro [32] , rabbit in vivo [17, 33] and healthy humans in vivo [18] . [34] . CT was shown to inhibit sodium, hydrogen exchanger (NHE) activity and the Na, K-ATPase in the kidney cell line LLC-PK1 [29] . CT was also found to inhibit proton extrusion in resorbing rat osteoclasts via PKA [30] . Although, previous studies showed that CT- (Fig. 2) .
The current studies provide more in depth understanding of the mechanisms of intestinal chloride secretion induced by CT. The major findings of current studies are: (i) CTR is expressed in human colonic epithelial cells; (ii) direct activation of CTR by CT in intestinal epithelial cells; (iii) CT-induced Cl
Earlier studies demonstrated the expression of CTR in several cell types including cells in the central nervous system, renal epithelial cells, breast, prostate cells and abundantly in mature osteoclasts
Based on our findings, we propose the following cell signalling pathways of CTR mediated CFTR activation (Fig. 7) . CT 
